Efficient gene-targeting in rat embryonic stem cells by CRISPR/Cas and generation of human kynurenine aminotransferase II (KAT II) knock-in rat.
The relative proportion of kynurenine aminotransferase (KAT) I-IV activities in the brain is similar between humans and rats. Moreover, KAT II is considered to be the main enzyme for kynurenic acid production in the brain. Taken together, human KAT II knock-in (hKAT II KI) rats will become a valuable tool for the evaluation of KAT II targeted drugs as a human mimetic model. Although we initially tried the approach by conventional gene-targeting via embryonic stem cells (ESCs) to generate them, we had to give up the production because of no recombinant ESCs. Accordingly, we developed a method to improve the efficiency of homologous recombination (HR) in ESCs by the combination with the CRISPR/Cas system. Co-electroporation of Cas9 plasmid, single guide RNA plasmid and hKAT II KI vector increased the number of drug-resistant colonies and greatly enhanced the HR efficiency from 0 to 36 %. All the clones which we obtained showed the same sequence as designed. These recombinant clones resulted in chimeras that transmitted the hKAT II KI allele to their offspring. hKAT II KI rats showed no reduction of KATs mRNA expression and the amount of kynurenic acid was similar between the hKAT II KI rats and the wild type in their brains. These results indicate that the methodology presented in this report can overcome the problem encountered in conventional gene-targeting that prevented production of humanized rats.